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Abstract. The tungus Mucor plumbeus catalyzes the enzymatic cyclization of Naftazone to naphtho-(1,2-¢)-
(1.2,4)-triazine-(3H)-one. This compound inhibits the induction and the activity of NO synthase by activated
murine peritoneal macrophages.

Naftazone 1 |1,2-naphthoquinone-2-semicarbazone (EtiovenR)] is an orally active drug which protects
the vascular system (1). It inhibits the activity of the constitutive forms of nitric oxide synthases in rat
endothelial cells (1). Nitric oxide synthases catalyze the formation of nitric oxide, an efficient endothelium-
derivated relaxing factor (2). Nitric oxide is also involved in other physiological processes including
neurotransmission (3), cytotoxicity and cell-mediated defense (4). Pharmacokinetic studies on Naftazone have
shown that this compound is metabolized in the rat and in man mainly by reduction and glycoconjugation
reactions (1). A glucuronide derivative has been identified in the blood and urine of Naftazone-treated rats, and
was obtained by incubating Naftazone with rat and human liver microsomes in vitro (1). This report describes
the isolation of a fungal metabolite of naphtazone and its effects on the induction and activity of the inducible
form of nitric oxide synthase in activated murine peritoneal macrophages.

A panel of fungal strains were screened and a strain of Mucor plumbeus which converted Naftazone
into naphtho-(1,2-¢)-(1,2,4)-triazine-(3H)-one 2 (20% Yiels, 65% conversion) was identified (5). The structure
of the metabolite was determined by 'H-and '3C-NMR, and by Mass Spectrometry (5).
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Figure 1: Major metabotlites of Naftazone produced by microbial and mammalian metabolism (1).

HPLC analysis shows that compound 2 is not obtained in the fraction containing mainly the glucuronide
derivative 3 isolated from the urine of Naftazone-treated rats (1).
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The mechanism by which 2 might be formed from 1 was investigated by attempting to dehydrate
Naftazone 1. Under acidic conditions (reflux with toluene in the presence of paratoluene sultonic acid), no
reaction occured. However. refluxing 1 with 3N KOH for 10 hours gave product 2 in 75% yield (9)(figure 2).

The mechanism involved would be comparable to the cyclization of 3-ureidoisobutyrate 4 to dihydrothymine §

by dihydropyrimidase.
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Figure 2: Cyclization ot Naftazone (1) and 3-ureidoisobutyrate (4)

The effect of Naftazone on constitutive endothelial NO synthase (1), prompted us to evaluate its activity
and that of compound 2 on the inducible form of murine macrophage NO synthase. In a first type of
experiments, each compound was added to macrophage cultures together with LPS, and removed- before the
addition of NO synthase substrate, arginine (6). Naftazone 1 (10 uM-1 mM) had no effect on the induction of
NO synthase (results not shown). In contrast, the triazine derivative 2 inhibited the induction of NO synthase as
shown by the decrease of nitrite production by LPS activated-macrophages in a concentration dependent manner
(ICs5p = 50 uM). This inhibition was complete at 100 uM of 2, and the compound had no toxic effect on the cells
as shown by cell viability measured at 540 nm (figure 3).
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tigure 3: Effect of 2 on macrophage NO synthase induction and cell viability. Thioglycollate-elicited peritoneal macropbages from
C3H/HeN mice were incubated with 100 ng/ml of LPS and various concentrations of compound 2 for 18 hours at 37°C. The
macrophages were washed and incubated in fresh medium containing 2mM L-arginine. Nitrite production and cell viability were
measured 24 hours later (7). Each nitrite concentration is the mean of triplicate determinations * standard deviation. Similar results
were obtained in three different experiments.
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Figure 4: Lffect of 2 on the activity of M@ NO synthase and cell viability. Thioglycollate-elicited peritoneal macrophages from
(3H/HeN mice were incubated with 100 ng/ml LPS for 18 hours. Activated-macrophages were washed and placed in fresh medium
containing 2mM L-arginine and various concentrations of the microbial derivative 2. Nitrite production and cell viability were
measured 24 hours later (7). Each nitrite concentration is the mean of triplicate determinations ¥ standard deviation. Similar results
were obtained in two ditferent experiments,

A second type of experiments was carried out to evaluate the impact of 2 on the activity of LPS-induced
NO synthase. In these experiments, compound 2 is added with arginine at the end of the induction period (6).
Above 70 uM of 2, NO synthase activity is inhibited by 35%, while cell viability is nearly the same between 10
and 100 uM of 2 (tigure 4). The decrease in nitrite concentration is not due to a reaction between the formed
nitric oxide and compound 2. HPLC and TLC analysis of a mixture of 2 with gascous nitric oxide at
physiological pH, confirmed the absence of any reaction products (8). In these experiments, Naftazone did not
atfect nitrite production (results not shown).

Thus, 2 inhibits both the induction and the activity of NO synthase in activated murine peritoneal
macrophages. The mechanism of inhibition would be related to an interference with tetrahydrobiopterin 6, the
cofactor of NO synthases (Figure 5). Thus. 7-nitroindazole 8 inhibits both the constitutive bovine brain NO
synthase (ICsp = 2,5 UM) and the inducible NO synthase from murine macrophages (ICs0 = 20 uM). This
inhibition is competitive with H4-biopterin 6 in both cases (11). Similar results have been reported for 1-
phenylimidazole 9 in murine macrophages (ICso = 8 uM) (12). Pyrimidine 7 inhibits the synthesis of Hg4-
biopterin 6 (10,13). As the structures of compounds 2 and 6 have some homologies. the triazine 2 may act by
inhibiting the biopterin pathway or the binding of biopterin to NO synthase. This would account for both the
inhibition of the activity of a constitutive NO synthase (1) and the inhibition of the induction and the activity of

the inductble form.
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Figure 5: Examples of inhibitors of tetrahydrobiopterin synthesis and tetrahydrobiopterin binding to NO synthase
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